Bacterial crown rot (BCR) is a re-emerging disease of papaya (Carica papaya) in Southeast 26 Asia caused by a gram-negative, facultative anaerobic bacterium, known as Erwinia 27 mallotivora. Ultrastructural observations using SEM revealed colonization of bacterial 28 community common in a BCR-tolerant genotype, before onset of tisue regeneration or 29 'regrowth'. This observation led to the hypothesis that papaya-associated bacteria might play a 30 role in BCR tolerance. Isolation, characterization and identification using 16S rRNA sequence 31 of bacteria associated with the tolerant 'regrowth' genotype resulted to the discovery of two 32 endophytic bacteria, of genera Kosakonia (isolate EBW) and Sphingomonas (isolate EBY).
Introduction 50 51
Papaya (Carica papaya) is an economically important tropical fruit, mainly cultivated for food 52 and cosmetic products. Due to its popularity, production of papaya steadily increased by 4.35%
53
(2002-2010) (Evans and Ballen, 2012). However, the industry still faces yield losses due to 54 diseases, causing problems from plantation, transportation and processing until marketing and elevation), consistency and pigmentation of the colonies were noted. A single stroke agar 150 colony of the bacterium was also characterized. Test tube slants of PDPA and nutrient agar 151 (NA) were prepared. A single stroke of an inoculating needle dipped in a single colony of the 152 bacterium was made onto the surface of the medium. The colony was described after one week 153 of observation. Colony color, growth, odor, chromogenesis and other characteristics were 154 noted. Additionally, growth in nutrient broth was characterized. A loopful of the bacterium's 155 colony was obtained and suspended in nutrient broth (NB) in a test tube. Observations were 156 done after one and two weeks. Lastly, the morphology of the bacterium was characterized using 157 gram staining methods and the average diameter of the colony was also estimated after one 158 week of incubation. 159 160 In order to test for pathogenicity of the bacterial isolates, suspensions of the bacteria grown 161 PSA slants were used in inoculation of 2 month old seedlings at a concentration of 10 8 cfu/mL. Kuo in 1993, with some modifications. Single pure colonies were harvested in 72-h cultures in 180 peptone sucrose agar (PSA) slants. A loopful of the bacterial colony was transferred to a 1.5 181 mL tube containing 1 mL of sterile water. The cells were completely suspended by vortex 182 mixing for 30 s. In order to obtain bacterial cell pellets, the suspension was centrifuged at 183 10,000 rpm for 3 min and the supernatant was discarded. An aliquot of 100.0 μL of lysis buffer 184 (40 mM Tris-acetate (pH 7.8), 20 mM sodium acetate, 1 mM EDTA and 1% SDS) was added 185 to the bacterial pellet, followed by vigorous pipetting in order to lyse the cells. After lysis, 33.0 186 μL of 5M NaCl solution was added to the mixture. The contents of the tube were thoroughly 187 mixed by inversion to remove most proteins and cell debris. The resulting viscous mixture was 188 subjected to centrifugation at 12,000 rpm for 10 min at 4°C. After transferring the clear 189 supernatant into another clean microcentrifuge tube, an equal volume of chloroform was added, 190 and the tube was gently inverted at least 15 times until a milky solution was formed. The 191 mixture was centrifuged at 12,000 rpm for 10 min and the aqueous phase containing the DNA 192 was transferred to another clean microcentrifuge tube. Two equal volumes of chilled absolute 193 ethanol were added to precipitate out DNA in the solution. The solution was mixed gently until 194 a stringy white DNA precipitate was formed that condensed into a tight mass. The precipitate 195 was incubated at -20°C in a freezer, overnight. Afterwards, centrifugation at 12,000 rpm for 10 196 min was done to obtain the pellet and the alcohol was discarded. The pellet was washed twice Latex was harvested from large green fruits of the different papaya regrowth hybrid genotypes 242 during early in the morning at around five to six o'clock. The fruits were swabbed with a cotton 243 wool moistened with 70% ethanol before scarring. Sterile bamboo sticks with sharp and 244 pointed tip were used to scar the fruit and collect the latex in a sterile 1.5-mL Eppendorf tube.
245
The tubes were filled halfway with latex to leave some space for 500 µL sterile water. The 246 latex was suspended in sterile water by vigorous flicking or pipetting. To separate the water 247 fraction, the suspension was centrifuged at 3000 rpm for 10 min at 4ºC and was filter-sterilized 248 using a 0.2 µm-pore size polyether sulfone (PES) membrane filter (Sterile Acrodisc, Gelman 249 Sciences or Whatman, GE Life Sciences). The water-soluble fraction was transferred to new 250 1.5-mL tubes and stored at freezing temperature (-10 or -20ºC) for future use.
252
A qualitative antimicrobial assay was developed in this study to test for inhibitory activity of The assay was terminated after two days of incubation when the change in color of each well 266 was noted, from the original dark purple to bright yellow. Three replicates were prepared 267 wherein four wells (samples) were allotted. Thus, for each treatment, a 4x12 matrix of wells 268 was prepared. Color change assessment followed color change scoring of 1 (no change), 3 269 (changed to light purple), 5 (changed to light yellow), 7 (changed to yellow), 9 (changed to 270 bright yellow). Using average scores, evaluation of antimicrobial activity was set as 7-9 (no 271 significant antimicrobial activity), 3.1-6.9 (minimal antimicrobial activity) and 1-3 (with 272 significant antimicrobial activity). The experiment was done twice to confirm results. The ACMs were further diluted in order to obtain approximately 0.25 to 0.30 OD at 600 nm. ACMs and E. mallotivora cells were mixed in a well at 1:1 ratio (50 µL + 50 µL). Wells that 293 served as controls contain E. mallotivora cells only (negative control), E. mallotivora cells in 294 tryptic soy broth (negative control), tryptic soy broth only (blank) and sterile water only 295 (blank). The OD600 reading and log10 cfu/mL of the wells at 0, 24, 48 and 72 h were noted and 296 compared across treatments. In order to have a good estimate of the inhibitory effect of the 297 ACMs, percent inhibition was calculated using the formula:
ODEm+TSB is the optical density reading of the negative check (Em+TSB) at a given time point 299 and ODACM is the optical density of any ACM-treated Em suspension at a given time point.
300
This assay followed a randomized complete block design (RCBD), wherein the ACMs served 301 as treatments and replicates as the blocking factor. Three replicates were prepared for each 302 treatment containing three samples with 12 subsamples. Thus, for each treatment, 96 readings 303 were done every time the OD values were assessed.
305

Preparation of Seeds and Plant Materials for Seed Defense Biopriming
307
The papaya seeds used in this study were obtained from the papaya germplasm collection at ACMs were prepared as previously described above. Consequently, seeds were surface 316 sterilized using 70% ethanol solution for 1 min, followed by rinsing twice in sterile water for The effects of ACM treatment on seed germination, shoot and root length and biomass were 327 assessed. Percent successful germination of seeds treated with ACMs were assessed after four 328 weeks. Shoot and root length were measured after seven weeks. To evaluate the effect of ACM 329 treatment on plant biomass, the 7-wk old plant samples were dried in an oven set at 65ºC. The 330 dry weight of the samples were assessed after 36 h. This experiment followed a randomized 331 complete block design (RCBD), wherein the ACMs served as treatments and replicates as the 332 blocking factor. Separate statistical analyses were done for the two genotypes.
334
Inoculation of ACM-treated Plants and Disease Assessment
336
Six-week old ACM-treated seedlings of both papaya genotype 5648 and 501 were inoculated 337 with Erwinia mallotivora as described by Supian et al. (2017) with some modifications.
338
Pathogen challenge was done to test for the possible defense biopriming activity of the ACMs.
339
The plants were watered first before inoculation to increase its internal turgor pressure and All in vitro experiments were done twice and greenhouse experiment were done thrice to 364 confirm results. All data generated were subjected to statistical analysis through one-way 365 analysis of variance (ANOVA at α = 0.05) in SAS software program (SAS Institute, Inc.).
366
Separate statistical analyses were done for the two papaya genotype used . The means were 367 subjected to pairwise mean comparison using Tukey's honest significant difference (HSD) test.
368
All tests are considered significant if P < 0.05 (*), P < 0.01 (**) or P < 0.001 (***). shaped and spore-forming that forms irregular, undulate colonies with dry consistency in 400 PDPA. Moreover, all the isolates were not able to infect papaya nor cause any hypersensitive 401 reaction, which implies no interaction with plant resistance machinery. The summary of 402 characteristics of the isolates is shown in Table 1 .
404
Phylogenetic analysis revealed diverse taxon of bacterial isolates.
406
Identification using 16S rDNA sequence was carried out to determine the most probable taxa 407 of the bacterial isolates. Initially, the sequences were trimmed in MEGA7 by retaining high- boostrap analysis was conducted using 1000 replicates (Felsenstein, 1985) .
419
The analyses showed that EBW is paraphyletically related to Kosakonia sp. clade and The microtiter plate assay for the inhibition of Em was proven to be useful in evaluating 444 inhibition efficacy of the autoclaved culture metabolites (ACMs) by just monitoring the 445 absorbance readings. Fig. 4 shows the trend in absorbance and estimated bacterial population 446 (log10 cfu/mL) of the ACM treatments, as well as percent relative inhibition. After 24 h, a 447 drastic increase in cell density was observed in the BS, BT and EBY treatments. Nevertheless, 448 this observed increase in cell density in the ACM treatments was still considerably lower than 449 the negative control, at around 2-3 folds. Thus, there is still a significant inhibition of cell 450 multiplication in these treatments. More importantly, bacterial growth was highly inhibited 451 when Em was subjected to BN and EBW at 60-65% and 53%, respectively.
453
All ACMs reduced growth vigor of Papaya, except ACM from Kosakonia. 454 455 Treatment of surface-sterilized papaya seeds with ACMs from bacterial endophytes and 456 Bacillus isolates resulted to retarded germination compared to mock-treated seeds. Fig. 5a 457 shows the average percent germination of papaya seeds of genotype 501 (var. Solo) and 5648 458 (var. Cariflora), which were evaluated as susceptible and tolerant (i.e. regrowth) to the crown 459 rot disease, respectively. Among the all treatments, BS has no significant adverse effect on the 460 germination of papaya seeds in both genotypes. However, treatment with isolate BN and BT 461 resulted to a significant reduction in percent germination of 501, while treatment with isolate 462 EBW and EBY resulted to lowest percent germination in genotype 5648. This implies that 463 papaya might respond differently to ACM treatments, depending on genotype.
465
Plant growth was assessed by getting the dry biomass of plants at 7 wks after sowing. Fig. 5b 466 shows the accumulated biomass, measured as oven-dried weight, of the ACM-treated plants. 467 Treatment with ACM from EBW yielded the highest dry weight, particularly in genotype 5648, 468 which correspond to more than two-fold increase relative to mock. However, no significant 469 increase in biomass was observed in genotype 501 in the same treatment, indicating that growth ACMs significantly reduced the incidence and severity of BCR disease in Papaya.
478
The possibility of using easy to prepare, sterile, highly-stable, and potent metabolites from 479 beneficial bacteria as disease resistance bioprimers in papaya was assessed in this study. to increase until 21 dpi, but the incidence in ACM-treated plants remained lower compared to 490 that of the mock-treated plants, in both genotypes. On the other hand, there was a general 491 reduction in average severity ratings in both genotypes (Fig. 7b ). More importantly, a two-fold 492 reduction in disease severity was observed in EBW treatment at 21 dpi relative to control. BCR tolerant genotypes such as 5648 (var. Cariflora) were primarily identified using the lateral 500 stem 'regrowth' phenotype observed at 5-7 wks after infection (wai). In this study, it was shown 501 through SEM observations that infection sites in 5648 were colonized by a community of 502 bacteria at the onset of regrowth (3-4 wai). However, these bacterial community was not 503 observed later at 5-7 wai, when there is full stem regrowth already. Other observed innate 504 phenomena such as latex production and tissue hardening (i.e. lignin deposition) might 505 improved and hastened the recovery from the disease. Moreover, this recovery was shown to 506 be promptly and efficiently aided by the papaya latex as it inhibited E. mallotivora proliferation 507 in vitro. Due to the significant role of latex, it was also hypothesized that latex-resistant 508 microbes inhabiting the plant vascular bundles, might also contributed to disease tolerance.
510
The importance of the microbiome in relation to tolerance or resistance against bacterial disease (Leben, 1965 ). In the present study, epiphytic bacteria which include Erwinia 516 species, were not observed in the surface of the regrowth tissues, which probably indicated that 517 these bacteria returned to its 'viable but not culturable' (VBNC) and harmless state during the 518 recovery of the plant. Interestingly, the VNBC state was observed in Ralstonia solanacearum 519 and Erwinia amylovora as its over-seasoning and survival strategy, respectively (Grey and Enterobacter sp.) is an endophyte associated with sugarcane stem, roots and rhizosphere. The 550 bacterium was shown to help the plant in producing fixed nitrogen for its consumption (Zhu et 551 al., 2013). Another species of Kosakonia, named K. pseudosacchari, was discovered to be 552 endophytically associated with field grown corn (Zea mays) root tissues. K. pseudosacchari is 553 also a closely related species of K. sachari and K. oryzedophytica (Kampfer et al., 2016) . 554 However, there were no studies were reported yet regarding the antimicrobial properties of 
581
The inoculated plants were able to grow normally and were able to accumulate more biomass 582 compared to the normal or untreated ones.
584
Moreover, treatment of Sphingomonas paucimobilis live cells in Dendrobium officinale 585 resulted to the increase in plant growth due to increased phytohormone production and nitrogen 586 fixation (Yang et al., 2014) . In oil palm, biofilm production is reported to be the mechanism 587 that rendered growth promoting ability of a Bacillus salmalaya isolated from agricultural soils 
836
Data were taken from the average of two trials.
837
Evaluation of color change scores are as follows: 7-838 9 (no significant antimicrobial activity), 3.1-6.9
839
(minimal antimicrobial activity) and 1-3 (with 840 significant antimicrobial activity). 
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